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The 2D Linearly Polarized Near-Field Focusing
Based on Angularly Discretized Slot Arrays
Menglin Chen, Shulabh Gupta, Zilong Ma and Lijun Jiang
A 2-D near-field focusing design is proposed based on the circular slot
array waveguide structures, synthesized using the array-factor theory, and
demonstrated by full-wave simulations. The principle of beam-focusing
is extended to the 2-D angularly discretized configuration using regular
center-fed linear slots arranged in a circular pattern. By the mirror image
arrangement of the slots, a linearly polarized focus in the near-field of the
antenna, with negligible cross-polarization is achieved. Its beam-focusing
properties are discussed in details and demonstrated by simulations.
Introduction: Recently, there has been an increased interest in the near-field
focusing at microwave and millimetre wave frequencies where the radiated
power is focused at a desired location close to the antenna. They have several
applications in the field of RFID, imaging and various sensing systems[1,2].
Such a focusing system typically requires dispersion engineered structures
in order to control the phase of various radiating components. Various works
have been reported in literature, where the beam focusing is achieved using
printed antennas, such as patch arrays [1,2], and leaky wave antennas [3–6].
Another attractive implementation of such focusing structure is the slot array
waveguide. Compared to conventional patch array focusing structure which
requires a complicated corporate feeding networks and the printed leaky-
wave antennas, slot waveguides can be conveniently fed by coaxial type
excitations, and are particularly suitable for high frequency applications due
to low dielectric and conductor losses [7, 8]. In particular, a beam-focusing
antenna with circular polarization has been shown for a 2-D slot aperture
antenna in [5, 9], and one with the linear polarization in [10].
In this work, we propose a 2-D near-field focusing based on the slot
array configuration to achieve a linearly polarized focus in the near-field
of the radiating aperture with the following two features: 1) A pure linearly
polarized focal beam, with negligible cross-polarization, using the mirror
image arrangement of the slots, 2) Co-linear polarization, parallel to the 2D
slot array structure.
The Lensing Formulation: Consider an array of non-uniformly spaced ideal
point radiators symmetrically located around the z−axis, at y=±ℓm where
m∈ [1,M ], as shown in Fig. 1. The objective is to find exact locations of
these point radiators so that the individual radiation contributions from the
radiators converge to a single point at z = z0, resulting in a beam-focusing
effect [11].
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Fig. 1 An array of centre-fed non-uniformly spaced ideal radiators, to focus a
beam at a distance z0.
Let’s assume that point radiators are uniformly excited at f0, and the
feed location is the phase reference. In order to achieve beam focus,
all waves emanating from point radiators must add in phase at z = z0.
Mathematically, φm+1 − φm = 2nπ ∀m, where φm is the phase at the
desired focal point generated by the mth radiator and n is any integer. φm
consists of two parts: φ(1)m , the phase difference between the excitation point
and radiator; and φ(2)m , the phase delay between the radiator and the desired
focal point. The first contribution can be conveniently written in terms of
the guided-wavelength λg , to model a general configuration of the series
fed array. Specifically, for the mth radiator, φ(1)m =2πℓm/λg , assuming the
slot represents a small perturbation in the waveguide. The second part φ(2)m
can be written as: φ(2)m =2πdm/λ0, where dm is the distance between the
mth radiator and the focal point, and λ0 is the free-space wavelength at
f0. The total phase shift φm = (2π/λg)ℓm + (2π/λ)
√
z2
0
+ ℓ2m. Finally,
using the above equation for the mth and the (m+ 1)th radiators in
the phase matching condition, a quadratic equation in ℓm+1 is obtained
as
(
1/λ2g − 1/λ
2
)
ℓ2m+1 − (2Rm/λg)ℓm+1 +
(
R2m − z
2
0/λ
2
)
=0, where
Rm = 1 + ℓm/λg + (1/λ)
√
z2
0
+ ℓ2m. Here, to minimize the total length of
the array and minimize grating lobes, n is chosen to be one. Finally, using
the position of the first radiator, those for remaining radiators ℓm+1 can be
solved iteratively.
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Fig. 2 Illustration of the centre-fed slot array configuration. a) Linear slot array.
b) 2-D slot array. The parameters are: f0 = 10 GHz, w= 12.2 mm, λg =
24.6 mm, M = 10, z0 = 10 cm, l1 =25 mm, s0 = 0.425 mm, w0 = 0.4 mm,
l0 = 11 mm, ls = 3/4λg , and total length of the structure ℓt =36.84 cm.
Substrate Taconic RF-30 substrate, thickness h= 2.29 mm, εr = 3.0.
1-D Near-Field Focusing using Centre-fed Linear Slot Array: The ideal
radiator array can be conveniently implemented by using the slot array
waveguide. The layout is shown in Fig. 2(a), where the two halves of the
structure are fed using a waveguide T-junction [12]. The dimensions of the
waveguide are chosen to ensure that the design frequency f0 is larger than its
cut-off frequency. To operate the waveguide in the resonant mode, both ends
of the waveguide are terminated with a shorting wall. Furthermore, infinite
perfect electric conductors (PEC) are assumed at x=±w/2.
Fig. 3(a) shows the typical full-wave simulated power density distribution
above the slot array, for the case of z0 = 10 cm, to illustrate the beam
focussing. The physical parameters of the waveguide and the λg-spaced
radiating slots are given in Fig. 2, with the locations of the slots calculated
using the array factor approach explained above. As desired, the power
density is maximum at the desired focal point. Furthermore, the power
density profile along the z−axis show an excellent agreement with that of
the ideal radiators. It is noted that in this example, the beam is focused in
the reactive near-field region of the antenna structure, i.e. z0 < 0.62
√
D3/λ
[13], where D is the size of the radiating aperture.
2-D Near-Field Focusing using Center-fed 2-D Slot Array: The linear slot
array can only focus a beam in the y − z plane only. In order to focus a
beam into a 3-D region of the free space above the structure, a 2-D radiating
aperture is required. Based on the linear structure in Fig. 2(a), a 2-D structure
can be formed as shown in Fig. 2(b), where the linear slot array is rotated
around its centre to form a star-shape circular configuration. Such a structure
can be fed by a vertical monopole at the centre using a 1 :N waveguide
power divider [14].
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Fig. 3 HFSS simulated power density distribution in the y − z planes of a) a 1-D
linear slot array of Fig. 2(a), and b) a 2-D slot array of Fig. 2(b) with the mirror
image arrangements.
The linear slot array is linearly polarized along x−axis, i.e. Ex is
dominant. To achieve the same polarization in the 2-D structure, the left
and right-half of the 2D slot array should be the mirror image of each other
to cancel the horizontal Ey polarization. This can be achieved by placing
the longitudinal slots in the appropriate halves of the individual waveguide
arms, as shown in Fig. 2(b), which results in an overall x−directed
polarization, due to the mirror image design.
Fig. 3(b) shows the full-wave simulated power density distribution for the
2-D focusing case, demonstrating a strong beam focus at z= 10 cm, in one
of the longitudinal planes. Fig. 4 shows the power density distribution along
the transverse focal plane, parallel to the structure. A spot size with a 3-dB
beamwidth of 0.8λ0 and 0.56λ0 along x− and y−directions, respectively is
achieved in this design. Fig. 4 also shows the two orthogonal polarizations
Ex and Ey in the focal plane along x− and y−direction. A dominant Ex
polarization is observed along both axes, thereby validating the usage of yhr
mirror image design to obtain a linearly polarized beam-focusing.
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Fig. 4 Power density distribution in the focal plane (z= 10 cm) of the 2D
slot array of Fig. 2(b), along with its two orthogonally polarized Ex and Ey
components along x− and y−axes.
The proposed 2-D slot array employs a power divider to distribute the
input power into N discrete channels. Ideally the entire 2-D aperture should
radiate and contribute to the focusing. However, the power division scheme,
may be seen as angularly discretizing the physical aperture of the slot array.
To study the effect of this discretization, two 2-D slot arrays were simulated
for the case of 1 : 10 and 1 : 14 power dividers. Fig. 5 shows the field power
density variation perpendicular to the 2-D array along z. As expected, larger
number of wave guiding channels results in an increased power density at
the focal point by over 50%. Moreover, the focal length converges towards
the design value of z0 =10 cm, as the number of waveguide branches is
increased, which is the result of better aperture sampling.
Conclusions: A 2-D linearly polarized near-field focusing is proposed
based on an angularly discretized slot array waveguide and demonstrated.
The lensing formulation employing the array synthesis process has been
applied to compute locations of discrete radiating elements to achieve a
focus at a given distance from the the 1-D antenna aperture in its near
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Fig. 5 Power density comparison by increasing the no. of branches. a) power
density along z axis. b) illustration of the corresponding power dividers.
field. The method is then applied to a 2-D configuration in the angularly
discretized slot array. Exploiting the mirror image configuration of the 2-
D array, a linearly polarized beam focused in the near field of the antenna
aperture with negligible cross-polarization has been achieved.
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